Abstract| A complete mathematical analysis of the dispersion in a symmetrical super-condensed node is presented. Comparisons show that this node exhibits superior dispersion characteristics over a stub-loaded node in addition to its established higher computational e ciency.
I. Introduction
The Symmetrical Super-Condensed Node (SSCN) for the TLM method was described in 1], 2]. The main characteristic of the SSCN is that it can model inhomogeneous media on an arbitrarily graded mesh without using stubs. Substantial gains in computer e ciency compared to the conventional stub-loaded (SCN) and the hybrid (HSCN) condensed nodes were reported 1], 2].
The dispersion analysis of a TLM mesh is based on the application of the Floquet theorem to an in nite threedimensional mesh, as originally described in 3]. Only numerical solutions of the dispersion relation were presented in 3]. More recently, closed algebraic forms of the dispersion relation were found for the basic 12-port SCN without stubs 4] and for the stub-loaded SCN 5] , though the latter was restricted to special 2-D propagation modes.
In this Letter we present the complete dispersion analysis of the general SSCN TLM mesh, based on exact closedform analytical formulas. To facilitate comparison, we also derive for the rst time an analytical dispersion relation for the stub-loaded SCN.
II. Dispersion in uniform SSCN TLM
A general dispersion relation for TLM nodes can be expressed in the form 4]: det(PS ? e jk0d I) = 0
(1) where k 0 is the propagation constant along the transmission lines, d is the node spacing, I is identity matrix, S the TLM scattering matrix and P a connection matrix. The scattering matrix S for the SSCN can be obtained using the scattering equations given in 1], while the connection matrix P, containing the plane wave propagation constants k x ; k y ; k z , is de ned in 3].
Assuming propagation on a cubic mesh modelling a medium with electromagnetic parameters r ; r , the general dispersion relation for the SSCN in closed algebraic form is obtained from (1) The factor k m d is directly proportional to the node spacing per wavelength d= as k m d = 2 d= . Because the TLM mesh is usually operated for frequencies whose wavelengths fall above 10 TLM cells, we will perform our analysis in the case when d= = 0:1 and therefore k m d = 0:2 . In case of 2-D propagation in the xy-plane, for the mode comprising H z ; E x ; E y eld components in a dielectric ( r = 1), an analytical dispersion expression was ob- It can be easily checked that for axial propagation equations (3) and (4) become equivalent. Fig. 2 shows the dispersion in the stubbed SCN. It shows bilateral dispersion, the upper and lower sets of curves corresponding to equations (3) and (4) respectively.
The magnitude of the dispersion error converges as r ! 1 to 0.84% and 2.16% for stubbed SCN and SSCN respectively. However for the former the total error range, taking into account bilateral dispersion, is 1.62%. Note also that the error in the SSCN is independent of the mode of propagation and is therefore potentially easier to correct for. Exact analytical formulas in closed algebraic form for the dispersion in the TLM SSCN were obtained and the results tested against analytical formulas derived for the stub-loaded SCN and numerical solutions for the graded HSCN. The magnitude of the propagation error in the uniform SSCN is higher than in the stubbed SCN. Nevertheless the unique and unilateral dispersion characteristics observed for the SSCN are advantageous since two dispersion curves and bilateral dispersion exist in the stubbed SCN.
